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INTERNAL  ORAL  FEATURES  IN  HYLA  REGILLA 

(ANURA:  HYLIDAE) 
LARVAE:   AN  ONTOGENETIC  STUDY 

By 
Richard  J.  Wassersug1 

Juvenile  organisms  from  most  vertebrate  groups  have  been  little 
used  in  comparative  systematic  studies.  An  obvious  reason  for  this 
is  the  large  amount  of  intraspeciflc  variation  associated  with  growth. 
Morphological  features  of  anuran  larvae,  in  contrast,  have  been 
extensively  used  in  anuran  systematics  (See  Starrett,  1973;  Sokol, 
1975  for  recent  examples).  Tadpoles  are  characterized  by  suites  of 
unique  features  that  persist  through  part  of  their  life,  then  change 
rather  abruptly  with  metamorphosis.  The  relative  stability  of  larval 
features  for  a  length  of  time  gives  them  some  value  in  comparative 
studies  where  precise  age  determination  of  immatures  is  impossible. 

Some  attention  has  been  given  to  assessing  the  amount  of  onto- 
genetic stability  of  external  features  of  tadpoles.  Usually,  the  con- 
tinuous growth  of  the  hind  limb  has  been  used  as  the  reference 
"clock"  to  gauge  the  stability  of  other  larval  features.  Nichols  (1937) 
examined  external  mouth  parts  of  three  species,  Rana  pipiens,  Bufo 
fowleri,  and  Pseudacris  triseriata;  later,  Limbaugh  and  Volpe 
(1957)  analyzed  some  simple  body  proportions  of  Bufo  valliceps  in 
this  light.  These  and  other  studies  (see  van  Dijk,  1966,  for  refer- 
ences) reveal  the  relative  ontogenetic  stability  of  many  larval  fea- 
tures. Even  before  these  studies,  most  herpetologists  took  for 
granted  the   existence   of  "mature   tadpoles"   with   species-specific 
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features  ontogenetically  stable  enough  to  allow  interspecific  com- 
parison. 

Wassersug  ( 1976 )  has  identified  many  previously  unrecognized 
morphological  features  in  the  mouths  of  tadpoles  that  could  have 
systematic  value.  The  actual  value  of  these  characters  depends  on 
their  ontogenetic  stability,  since  time  and  materials  often  preclude 
comparing  whole  developmental  sequences  between  species.  I  know 
of  no  investigations  on  variation  in  internal  oral  features  of  anuran 
larvae.  Therefore,  this  paper  is  devoted  to  a  study  of  internal  oral 
features  that  meet  the  criteria  of  limited  intraspecific  and  onto- 
genetic variability.  For  this  purpose  a  series  of  specimens  from  one 
species,  including  all  developmental  stages  from  25  to  45  (Gosner, 
1960),  was  examined. 

Hijla  regilla  was  studied  because  its  tadpoles  are  well-known. 
External  aspects  of  larval  development  for  H.  regilla  were  described 
by  Gaudin  (1965);  the  larva  was  redescribed  by  Duellman  (1970). 
The  larva  of  this  species  is  a  "typical"  pond  tadpole.  Larvae  of  H. 
regilla  have  no  unusual  external  specialization  and  a  posteriori 
comparison  with  internal  oral  features  of  other  hylid  tadpoles 
(Wassersug,  1973  and  in  manuscript)  substantiates  the  view  that  H. 
regilla  is  typical.  H.  regilla  tadpoles  possess  all  the  basic  features 
of  Orton  Type  4  larvae  (Orton,  1953,  1957),  but  lack  complex 
modifications  often  found  in  tadpoles  adapted  to  unusual  habitats. 

The  characters  examined  here  are  those  identified  by  Wassersug 
(1976),  and  the  terminology  used  is  taken  from  that  report.  Onto- 
genetic trends  are  discussed  in  the  context  of  a  highly  detailed 
description  of  these  features  in  Hyla  regilla. 

Acknowledgments 

This  paper,  with  much  modification,  is  derived  from  a  portion  of 
a  doctoral  thesis  completed  at  The  University  of  Chicago.  I  thank 
the  members  of  my  thesis  committee,  especially  cochairmen  Robert 
Inger  and  David  Wake,  for  their  encouragement  and  advice. 

For  logistical  support  I  thank  the  directors  and  department 
heads  of  the  following  institutions:  The  Committee  on  Evolution- 
ary Biology  and  the  Department  of  Anatomy,  The  University  of 
Chicago;  the  Center  for  Graduate  Studies  and  the  Division  of  Rep- 
tiles, Field  Museum  of  Natural  History,  Chicago;  the  Museum  of 
Natural  History,  The  University  of  Kansas.  Financial  support  was 
provided  by  a  fellowship  from  the  Center  for  Graduate  Studies, 
Field  Museum  of  Natural  History,  and  grants  from  the  Block  Fund 
of  The  University  of  Chicago  and  the  Ecology  Program  of  the 


INTERNAL  ORAL  FEATURES  IN  HYLA  REGILLA  3 

National  Science  Foundation.  Robert  Kott  and  Shirley  Aumiller 
helped  with  photography.  Christine  McNamara,  Judy  Hamilton 
and  Karen  Rosenberg  typed  assorted  manuscript  drafts.  The  manu- 
script has  profited  from  the  critical  attention  of  William  Duellman, 
Robert  Inger  and  Otto  Sokol. 

Materials  antd  Methods 

The  tadpoles  used  in  this  study  were  collected  in  grassy  pools 
in  Orinda,  Contra  Costa  Co.,  California  in  April  and  May,  1970  by 
the  author.  They  were  fixed  in  neutral  buffered  formalin  immedi- 
ately upon  capture  and  are  currently  in  the  private  collection  of  the 
author.  Ultimately  they  will  be  deposited  with  the  Field  Museum 
of  Natural  History,  Chicago. 

Some  three  dozen  tadpoles  were  dissected  following  the  pro- 
cedure described  by  Wassersug  (1976).  By  stage  43  (Gosner,  1960) 
the  forelimbs  have  erupted  and  all  larvae  show  dramatic  modifi- 
cations associated  with  metamorphosis.  Tadpoles  change  so  ex- 
tensively between  stages  43  and  45  that  features  from  these  stages 
are  of  little  systematic  value.  Individuals  that  have  passed  stage  43 
are  not  considered  any  further  in  this  account.  Nineteen  tadpoles, 
one  each  of  stages  25-43  were  selected  randomly  from  a  single  pop- 
ulation and  compared  in  detail. 

The  data  concerning  oral  features  vary  in  precision;  some  are 
quantitative,  others  qualitative.  Some  are  measurements  taken 
either  linearly  with  a  measuring  ocular  or  angularly  with  a  home- 
made goniometer  (accurate  to  ±  5°).  No  effort  was  made  to  take 
measurements  on  structures  that  are  not  within  the  frontal  plane 
or  at  least  compressible  into  the  frontal  plane  without  distortion. 
Ideally,  it  would  have  been  best  if  nonmeristic  character  states  of 
all  features  could  have  been  quantified,  but  this  would  have  been 
impractical,  considering  the  complexity  of  many  oral  features. 

Because  of  the  possibility  of  overall  distortion  associated  with 
preservation,  emphasis  was  given  to  features  least  likely  to  show 
artifacts  of  preservation.  Meristic  characters  were  emphasized,  such 
as  the  number  of  BFA  papillae.  Differences  between  the  left  and 
right  sides  were  noted.  Means,  standard  errors,  and  standard  devi- 
ations are  given  for  many  quantifiable  features.  Data  from  indi- 
viduals beyond  stage  40  were  not  included  in  calculations  of  char- 
acter means  because  they  were  so  often  at  great  variance  with  these 
means.  Unless  otherwise  noted,  N  =  15  with  the  sample  drawn 
uniformly  over  stages  26-40. 

The   description   is   presented   in   the   order  of  ventral   buccal, 
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ventral  pharyngeal,  dorsal  buccal  and  dorsal  pharyngeal,  following 
the  outline  presented  in  Wassersug,  1976.  This  same  format  is  used 
in  the  description  of  other  species  that  are  compared  to  H.  regilla 
(Wassersug,  1973,  and  in  manuscript). 

Description 

Ventral  buccal. — The  general  shape  of  the  mouth  in  the  frontal 
plane  is  that  of  an  isosceles  triangle  with  the  posterior  corners  more 
rounded  than  the  anterior  apex  and  all  sides  bowed  slightly  out- 
ward (Figs.  1-3).  For  H.  regilla  stages  26-40,  the  ratio  of  the  total 
width  to  total  length  of  the  oral  cavity  is  1.24  ±  0.04,  S  =  0.11. 
Above  stage  40  this  ratio  tends  to  be  closer  to  1.0,  suggesting  a 
relative  narrowing  of  the  mouth. 

Single  infralabial  papillae  arise  on  the  infralabial  cartilage  about 
halfway  between  the  symphysis  and  articulation  with  Meckel's 
cartilage.  Each  papilla  is  an  anteriorly  to  posteriorly  compressed 
"palm"  with  three  or  four  attenuate  "fingers"  projecting  upward 
anteriorly  from  the  apical  margin  of  the  palm.  The  infralabial  pa- 
pillae range  from  being  as  high  as  they  are  wide  to  twice  as  high 
as  they  are  wide.  There  are  2-7  secondary  projections  in  tadpoles 
stages  26-42  (for  tadpole  stages  26-40,  X  =  3.64  ±  0.27,  S  =  1.42). 
The  stage  25  tadpole  has  small  infrarostral  papillae  that  lack  pro- 
jections, and  the  stage  43  tadpole  lacks  infrarostral  papillae  com- 
pletely. 

The  anlage  of  the  tongue  begins  its  development  as  two  broad, 
flattened,  anteriorly  directed  arched  ridges  that  meet  on  the  midline 
in  a  shallow,  posteriorly  directed  V.  From  stages  25  to  31-32  the 
anlage  grows  into  a  single  anteriorly  directed  swelling.  The  swell- 
ing gains  height  after  stage  32  and  at  about  stage  38  begins  to  fill 
out  posteriorly,  forming  the  tongue  pad  of  the  adult.  The  transfor- 
mation is  uniform  and  continuous. 

A  single  pair  of  lingual  papillae  is  present  from  stage  25  to  43, 
after  which  it  disappears.  The  lingual  papillae  are  simple,  slightly 
curved  and  attenuate.  They  arise  next  to  each  other  at  the  midline. 
They  vary  little  in  shape  or  relative  size  through  the  ontogenetic 
series,  but  their  relative  position  on  the  tongue  pad  appears  to  shift 
as  the  tongue  develops.  Initially  they  are  anterior,  but  as  the 
tongue  grows  they  shift  relatively  posteriorly.  In  two  individuals, 
stages  30  and  39,  the  lingual  papillae  are  abnormally  asymmetrical. 
In  the  former  the  left  papilla  is  reduced  to  a  pustule.  In  the  latter 
there  is  a  very  slight  secondary  pustulation  developed  on  the  right 
papilla. 
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The  buccal  floor  arena  (BFA)  in  H.  regilla  has  a  characteristic 
ovoid  shape  with  the  anterior  end  wider  but  both  ends  truncated 

BUCCAL  POCKET— i 
PREPOCKET  PAPILLA  -, 
BFA  PAPILLAE— i 

LINGUAL  PAPILLAE-i 

INFRALABIAL  PAPILLA  n 
PJ— ^      LOWER  BEAKn 


FILTER  ROW  J 
•ESOPHAGEAL  FUNNEL 
LMEDIAN  NOTCH  ABOVE  GLOTTIS 

•-BUCCAL  FLOOR  ARENA 

VENTRAL  VELUM-1 

Fig.  1. — An  illustration  of  the  floor  of  the  mouth  of  a  Hyla  regilla  larva 
largely  based  on  the  same  stage  37  (Gosner,  1960)  specimen  shown  in  Fig.  3. 
The  filters  are  drawn  schematically. 

(Fig.  1).  The  mean  ratio  of  maximum  width  to  maximum  length 
of  the  BFA  is  1.24  ±  0.07,  S  =  0.24.  Although  the  arena  appears 
slightly  elongate  compared  to  the  entire  buccal  floor,  comparison 
of  maximum  width  to  length  ratios  shows  this  to  be  an  illusion.  At 
stage  25  there  are  only  two  and  three  papillae  making  up  the  BFA 
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papillae  series  per  side.  The  arena  appears  most  open  and  ill- 
defined  at  this  stage  compared  to  all  later  stages  up  until  stage  43. 
The  average  number  of  BFA  papillae  per  side  for  stages  26  through 
40  is  5.35  ±  0.20,  S  =  1.09  with  a  range  of  3-9.  During  these  stages 
there  is  no  major  trend  toward  increase  or  decrease  in  number  of 
papillae,  but  by  stage  43  a  secondary  reduction  of  number  is  clearly 
evident.  In  half  the  specimens  examined,  the  numbers  of  papillae 
on  the  right  and  left  sides  differ.  The  differences  are  never  greater 
than  two  papillae  per  individual  and  do  not  appear  statistically 
biased  toward  either  side.  The  papillate  series  begins  anteromedial 
to  the  medial  edge  of  the  buccal  pocket.  The  most  anterior  papillae 
are  the  smallest.  The  largest  papillae  are  almost  always  the  third, 
the  fourth,  or  both,  from  the  front  of  the  row  and,  again,  there  are 
bilateral  asymmetries.  The  largest  papillae  are  positioned  medial  to 
the  anterior  edge  of  the  buccal  pocket.  From  that  point  back  the 
individual  papillae  tend  to  decrease  in  size.  The  last  papilla  of  the 
series  on  each  side  is  normally  positioned  anterior  to  filter  cavity  2 
or  ceratobranchial  (cb.)  3.  In  specimens  stages  43  and  44,  the  last 
BFA  papilla  shifts  relatively  mesad  to  a  position  anterior  to  filter 
cavity  2  and  cb.  4  respectively. 

Larger  papillae  on  the  buccal  floor,  usually  the  third  and  fourth 
in  the  BFA  series,  show  signs  of  blunting,  bifurcation,  or  other 
terminal  irregularities  on  at  least  one  side  in  all  tadpoles  except 
stage  25  and  the  stage  40  individual.  Papillae  with  elaborations  are 
asymmetrical  in  over  half  the  specimens  but  did  not  show  a  specific 
right  or  left-handed  bias.  On  the  average,  1.07  ±  0.13,  S  =  0.69 
BFA  papillae  per  specimen  exhibit  some  sort  of  gross  ornamen- 
tation. 

Pustulations  in  line  with  the  BFA  papilla  series  are  common,  as 
are  pustulations  within  the  arena.  At  stage  25  there  are  only  6-8 
pustulations  scattered  within  the  arena.  At  stage  26,  however,  there 
are  15,  and  this  number  tended  to  increase  to  approximately  50  by 
stage  40,  falling  back  to  approximately  20  by  stage  43.  In  specimen 
stage  37  there  is  no  particular  region  of  highest  pustulation  con- 
centration. In  all  other  specimens  after  stage  26  the  pustulations 
are  clearly  concentrated  in  the  BFA  posterior  to  an  imaginary  line 
connecting  the  buccal  pockets.  There  are  some  papillae  mixed  in 
with  the  BFA  pustulate  field  in  specimens  of  stages  41  and  42  that 
are  not  present  at  earlier  stages. 

The  only  other  region  of  papillate  or  pustulate  development  on 
the  buccal  floor  in  H.  regilla  is  directly  anterior  to  the  buccal  pock- 
ets. Surface  features  are  never  numerous  in  this  area.  The  first 
appearance  of  prepocket  pustulations  is  at  stage  27  and  the  first 
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Fig.  2. — The  floor  of  the  mouth  of  a  Hyla  regilla  larva  at  stage  31  (Gos- 
ner,  1960).  This  individual  was  11.7  nun  in  snout-vent  length  (maximum 
width  of  the  pharynx  =  5.5  mm ) . 


appearance  of  true  prepocket  papillae  is  at  stage  29.  Pustulations 
usually  number  one  or  two  per  side  and  persist  until  stage  43,  when 
they  and  any  prepocket  papillae  disappear.  From  stage  27  through 
40  the  average  number  of  prepocket  papillae  per  side  is  1.71  ±  0.15, 
S  r=  0.75.  Five  of  the  individuals  in  this  subsample  have  left-right 
asymmetry. 

The  buccal  pockets  are  relatively  large  and  conspicuous  for  all 
stages  between  25  and  43  (Fig.  2-3).  They  extend  medially  half- 
way to  the  midline  on  each  side  and  are  directed  back  from  the 
transverse  plane  at  an  oblique  angle  of  approximately  15°-20° 
(X  =  1.89  ±  1.0,  S  =  3.9;  measurements  of  buccal  pockets,  velar 
and  ventral  pharyngeal  features  were  all  made  on  the  left  side 
only).    This  angle  increases  to  about  30°  in  specimen  stage  43  as 
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the  lateral  portion  of  the  ceratohyal  begins  to  extend  posteriorly. 
The  ratio  of  the  width  to  length  measurements  fills  a  range  of  4.5 
(stage  27)  to  2.2  (stage  39)  (X=  2.67  ±  0.16,  S  =  0.60);  there  is, 


Fig.  3. — The  floor  of  the  mouth  of  a  Hyla  rcgilla  larva  at  stage  37  (Gos- 
ner,  1960).  The  individual  was  12.3  mm  in  snout-vent  length  (maximum 
width  of  esophagus  =  6.1  mm).  The  dark  rectangular  area  behind  the  glottis 
is  an  artifact  of  dissection.  Note  the  overall  similarities  of  this  later  stage  in- 
dividual with  the  younger  stage  individual  shown  in  Fig.  2. 

however,  no  obvious  correlation  of  change  in  this  ratio  with  de- 
velopmental stage.  In  all  specimens  the  buccal  pockets  are  deep. 
The  bottoms  of  the  pockets  are  obscured  by  two  folds  of  epithelium 
that  extend  down  from  the  anterior  and  posterior  sides  of  the  pock- 
ets. The  uppermost  fold  arises  from  the  posterior  margin.  These 
epithelial  convolutions  plus  the  small  size  of  H.  regilla — a  disad- 
vantage in  choosing  this  as  the'  reference  species — make  it  very 
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difficult  to  determine  without  sectioning  if  the  pockets  are  perfo- 
rated. The  epithelium  is  extremely  thin  at  the  bottom  of  the  pockets 
and  can  rupture  when  manipulated.  For  13  out  of  19  specimens,  I 
am  uncertain  as  to  the  state  of  this  character.  In  6  of  the  specimens 
examined,  the  pockets  are  perforated  ( stages  28,  29,  39,  40,  42,  43 ) . 

Typically,  the  ventral  velum  forms  a  rather  smooth  arc  with  4 
undulations  on  each  side  and  a  forwardly  directed  notch  on  the 
midline  (Figs.  1-3).  Three  of  these  peaks  are  oriented  one  above 
each  filter  cavity,  and  the  fourth  forms  the  edge  of  the  median 
notch.  These  peaks  are  weakly  developed  at  stage  25,  but  from 
then  on  until  stage  41,  when  the  velum  begins  to  degenerate,  they 
do  not  vary.  In  7  out  of  16  specimens  before  stage  41  fine  irregu- 
larities can  be  seen  around  the  median  notch.  These  irregularities 
are  in  the  form  of  a  jaggedness  or  addition  of  cusps.  By  stage  41 
degenerative  aberrations  of  the  median  portion  of  the  velar  edge 
are  the  rule.  By  stage  43  the  middle  of  the  velum  is  completely 
eroded  and  only  the  cusps  above  the  first  filter  cavity  can  still  be 
discerned. 

The  ratio  of  the  maximum  length  of  the  mouth  to  the  maximum 
length  of  the  free  velar  surface  is  5.13  ±  0.21,  S  =  0.81  for  stages 
26-40.  At  stages  25  and  26,  however,  the  ratios  are  below  this  value, 
while  specimens  at  stages  40-43  have  ratios  above.  This  suggests  a 
relative  shortening  of  the  velum  prior  to  metamorphosis.  In  other 
ways  an  early,  rapid  expansion  and  then  later  degeneration  of  the 
velum  is  exhibited.  The  free  edge  of  the  velum  on  the  midline  is 
only  0.05  mm  at  stage  25.  For  stages  26-40  the  average  length  is 
0.22  mm  ±  0.02  mm,  S  =  0.09.  At  stage  41  the  free  edge  measures 
0.51  mm  but  completely  atrophies  by  stage  43.  The  proportion  of 
the  glottis  under  the  velum  when  viewed  from  directly  above  is  less 
than  5%  for  stage  25.  It  climbs  to  5-10%  for  stage  26  and  10-20%  at 
stage  27.  For  stages  28-41  it  fluctuates  by  around  40-50%  (Figs. 
2-3),  but  at  stage  42,  when  the  middle  of  the  velum  erodes,  the 
glottis  is  completely  exposed.  Likewise,  the  length  of  the  free  edge 
from  the  tips  of  the  spicules  above  cb.  2  and  cb.  3  are  shortest  at 
stage  25  (0.24  mm  and  0.22  mm  for  cb.  2  and  cb.  3  respectively), 
relatively  stable  between  stages  26  and  40  ( cb.  2,  X  =  0.41  ±  0.02 
mm,  S  =  0.07;  cb.  3,  X  =  0.47  ±  0.03  mm,  S  =  0.11),  and  drop 
significantly  below  that  mean  for  all  stages  after  41. 

Ventral  pharynx. — The  secretory  ridges  of  the  branchial  food 
traps  can  be  discerned  at  stages  26-41  with  proper  staining  and 
high  magnification  (50X  or  greater).  Under  ideal  staining  and 
lighting  conditions  (achieved  in  specimen  stages  31,  32,  34,  37,  39) 
the  secretory  ridges  can  be  seen  right  through  the  dorsal  surface  of 
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r  BUCCAL  ROOF  ARENA 


LATERAL  RIDGE  PAPILLA 

POSTNARIAL  PAPILLA 
NARIAL  VALVE  PROJECTION- 
PRENARIAL  PAPILLAE 
UPPER  BEAK  — 


CILIARY  GROOVE-1 
•PRESSURE  CUSHION         DORSAL  VELUM-1 

GLANDULAR  ZONE"1 
BRA  PAPILLAE-1 
MEDIAN  RIDGE-' 

Fig.  4. — An  illustration  of  the  roof  of  the  mouth  of  a  Hijla  regilla  larva 
largely  based  on  the  same  stage  37  (Gosner,  1960)  specimen  shown  in  Fig.  6. 

the  ventral  velum.  Otherwise,  the  velar  edge  has  to  be  curled  up  in 
order  to  expose  its  ventral  surface.  Secretory  ridges  are  presumably 
present  at  stage  25,  but  at  that  stage  the  tadpole  is  too  small  to 
allow  the  manipulation  necessary  for  a  positive  diagnosis.  The  se- 
cretory ridges  of  H.  regilla  (stages  26-41)  appear  quite  uniform, 
lacking  excessive  gaps.  They  fully  cover  the  free  velar  surface  and 
extend  down  a  third  to  half  of  the  maximum  height  of  the  filter 
plates  at  the  front  of  each  filter  cavity.  The  apices  of  the  secretory 
ridges  are  more  rounded  than  cuneate  and  the  ridges  have  an  esti- 
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mated  frequency  of  between  one  and  three  times  their  amplitude. 
At  stage  42  and  43  the  ridges  become  disjunct  and  break  up  into 
streaked,  then  pitted  patterns  as  the  free  velar  surface  atrophies. 

The  glottis  and  laryngeal  disc  are  conspicuous  from  stage  25  on. 
The  length  of  the  glottis  fluctuates  from  specimen  to  specimen, 
increasing  between  stages  25  and  27,  but  shows  no  direct  corre- 
lation with  developmental  stage  after  stage  27.  The  ratio  of  length 
of  mouth  to  length  of  glottis  is  10.43  ±  0.40,  S  —  1.54  for  specimen 
stages  26-40.  For  stages  below  26  and  above  37  the  value  of  this 
ratio  is  slightly,  but  insignificantly,  below  the  mean.  Thus,  the 
glottis  is  relatively  large  early  and  does  not  increase  in  size  at  the 
same  rate  as  the  mouth  does  after  stage  37.  Thickened  glottal  lips 
begin  to  appear  at  stage  26,  and  from  stage  27-42  have  an  average 
estimated  thickness  of  about  15-20%  of  the  length  of  the  glottis. 
After  stage  33  the  glottal  lips  start  to  show  some  relative  thinning 
in  the  middle  and  the  central  portion  of  the  glottis  begins  to  bow 
downward.  At  stage  42  the  laryngeal  disc  becomes  domed  and  in- 
distinguishable from  the  glottal  lips. 

Despite  an  early  increase  in  size  of  the  branchial  baskets  and  a 
later  decrease  starting  at  stage  42,  the  shape  of  the  branchial  bas- 
kets varies  little  from  stage  25  on  (Figs.  2-3).  From  top  view  the 
baskets  are  roughly  oval,  slightly  wider  than  long,  and  make  up 
from  a  third  to  a  half  of  the  exposed  area  on  the  floor  of  the  oral 
cavity.  The  maximum  width  over  the  maximum  length  of  the 
branchial  baskets  for  stages  26-40  was  1.24  ±  0.04,  S  ==  0.15.  At 
stage  43  there  is  a  disproportionate  shortening  of  the  branchial 
baskets,  and  the  width  to  length  ratio  jumped  to  its  highest,  1.37. 

The  following  comments  on  the  filters  apply  to  all  stages  up  to 
41,  except  where  noted.  The  filter  plates  on  ceratobranchials  2  and 
3  are  straight,  while  those  of  cb.  1  and  4  are  necessarily  bowed, 
giving  the  branchial  baskets  their  circular  appearance.  The  filter 
plates  of  cb.  2  and  cb.  3  are  parallel  and  extend  back  from  the 
midline  at  an  angle  of  about  35°  (X  =  35.8  ±  1.1,  S  ==  4.4;  stages 
26-40).  Initiation  of  filter  reabsorption  begins  in  stage  41.  At  that 
point,  cb.  2  and  cb.  3  begin  to  disintegrate  and  it  becomes  impos- 
sible to  get  an  accurate  measurement  of  this  angle. 

A  casual  examination  of  tadpoles  from  assorted  genera  indicated 
a  great  deal  of  interspecific  variation  in  the  filter  ruffles.  Unfortu- 
nately, because  of  the  complexities  of  these  features  and  their  di- 
vergence from  the  conventional  reference  planes,  they  yield  few- 
parameters  that  are  easily  quantifiable.  I  attempted  to  calculate  a 
ratio  of  maximum  height  to  maximum  length  for  each  of  the  filter 
plates  at  each  stage.    Filter  plates  2,  3  and  4  vary  little  in  this  ratio 
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Fig.  5. — The  roof  of  the  mouth  of  the  same  stage  31  HyJa  regilla  larva 
illustrated  in  Fig.  2. 

from  stages  26-40  (cb.  2,  X  =  1.7  ±  0.04,  S  =  0.2;  cb.  3,  X  =  1.7 
±  0.04;  S  =  0.1;  cb.  4,  X  =  1.2  ±  0.4,  S  =  0.2).  Filter  plate  1  tends 
to  increase  slowly  in  relative  depth  until  about  stage  31,  then  sta- 
bilizes for  stages  31-40  (for  stages  26-40,  cb.  4,  X  =  1.5  ±  0.1,  S  = 
0.4).  All  the  filter  plates  are  relatively  shallow  at  stage  25.  Much  of 
the  increase  in  the  height  of  the  filter  plates  at  later  stages  seems  to 
be  taken  up  by  increased  imbrication  rather  than  by  increase  in  the 
total  depth  of  the  branchial  basket.  By  stage  43  the  filter  plates  of 
cb.  2  and  cb.  3  have  shrunken  significantly  in  height.  At  stage  43 
filter  plate  cb.  1  has  a  slightly  lower  height  to  length  ratio  than  it 
between  stages  31  and  41.  Plate  cb.  4,  on  the  other  hand,  has 
its  greatest  value  for  this  ratio  at  stage  43,  indicating  that  this  filter 
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plate  becomes  anteroposteriorly  constricted  disproportionately  more 
than  it  becomes  dorsoventrally  constricted  at  metamorphosis. 

With  careful  manipulation  it  is  possible  to  count  the  number  of 
full  filter  rows  on  each  filter  plate.  On  the  filter  plates  of  cb.  2  and 
cb.  3  counts  were  made  on  the  lateral  surface  only.  In  H.  regilla, 
as  in  most  tadpoles,  filter  rows  at  the  posterior  end  of  a  filter  cavity 
can  be  considered  associated  with  either  the  medial  or  lateral  filter 
plate  that  binds  the  filter  cavity.  For  that  reason  two  values  are 
possible  for  the  number  of  filter  rows  on  some  filter  plates.  For 
statistical  analysis  a  mean  of  those  values  is  used  for  the  number  of 
rows  on  such  filter  plates.  Terminal  filter  rows  are  narrower  than 
those  running  down  the  middle  of  the  plates.  Filter  rows  equi- 
distant from  the  terminus  of  the  filter  plates  are  of  nearly  equal 
size  in  each  filter  cavity,  regardless  of  which  filter  plate  they  are 
associated  with. 

The  number  of  full  filter  rows  is  stable  for  stages  26-41  and 
lowest  at  stages  25  and  43  ( Table  1 ) .  Before  stage  32  the  number 
of  filter  rows  on  the  first  filter  plate  falls  below  the  mean  of  that 
plate;  on  all  the  other  arches  the  mean  value  is  reached  by  stage 
28.  The  larger  standard  deviation  for  the  first  filter  plate  ( Table  1 ) 
reflects  the  fact  that  the  mean  value  of  the  filter  rows  for  this  arch 
is  approached  ontogenetically  more  slowly  than  the  other  arches. 

The  number  of  filter  rows  roughly  correlates  with  the  relative 
length  of  the  filter  plates.  The  longer  filter  plates  of  cb.  2  and  cb.  3 
on  one  side  of  filter  cavities  1  and  3,  respectively,  continue  past  the 
shorter  plates  of  cb.  1  and  cb.  4  on  the  opposite  side  of  each  cavity. 
At  the  bottom  of  the  filter  cavities  filter  rows  running  down  one 
plate  extend  out  over  the  pharyngeal  gill  slits.  The  ends  of  the  rows 
from  a  filter  plate  on  one  side  of  the  cavity  abut  one  to  one  with 
the  ends  of  the  rows  from  the  filter  plate  at  the  opposite  side.  When 
there  are  more  filter  rows  on  one  side  of  a  cavity  than  on  the  other, 
unmatched  rows  are  at  the  anterior  or  posterior  end  of  the  filter 
cavity  away  from  the  open  cleft.   In  stages  26  through  40  the  abut- 

Table  1. — Ontogenetic  variation  in  the  number  of  filter  rows  on  each 
filter  plate  in  HyJa  regilla  LARVAE. 


Ceratobranchial  Supporting 

The  Filter  Plate  on  Which 

The  Filter  Rows  Were  Counted 

Surface  of 
Filter  Plate 
Examined 

25 

Number  of  Filter  Rows  on  Filter  Plate 
Stage 
26-401                     41      42     43 

cb.  1 

medial 

6.5 

8.53±0.33,  S  =  1.34  9.5  7.0  5.0 

cb.  2 

lateral 

7.5 

10.10+0.15,  S=0.57  9.5  8.5  7.5 

cb.  3 

lateral 

7.0 

9.33±0.25,  S=0.96  9.0  7.0  5.0 

cb.  4 

lateral 

4.5 

5.40±0.15,  S=0.57  6.0  4.5  4.0 

'Mean  values  for  N=15. 
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ting  filter  rows  tend  to  obscure  the  gill  slits  from  dorsal  view.  The 
slits  become  immediately  visible  when  the  ruffles  are  pushed  aside 
or  at  stage  42,  when  the  filters  begin  to  atrophy. 

The  folding  pattern  of  the  filter  surface  is  significant  in  that  the 
filters  are  major  surfaces  for  food  capture.  Regrettably,  because  of 
the  small  size  of  H.  regilla  the  folding  pattern  of  the  filters  cannot 
be  studied  in  detail  with  the  dissecting  microscope.  Although  his- 
tological and  scanning  electron  microscopy  techniques  exist  for 
getting  at  this  problem,  no  attempt  has  been  made  to  quantify 
aspects  of  filter  folding  or  filter  density  in  this  study.  For  the  sake 
of  comparison  with  other  species,  the  level  of  filter  density  and  filter 
folding  as  seen  in  II.  regilla  is  considered  "moderate"  as  opposed  to 
"high"  or  "low"  in  other  species.  The  filter  density  apparently  does 
not  vary  between  stages  26  and  41  in  II.  regilla.  During  this  de- 
velopmental span  the  main  folds  of  each  full  filter  row  are  as  high 
as  they  are  wide.  Secondary  folds  are  visibly  developed  as  are  in- 
dividual tertiary  folds  but  these  are  difficult  to  resolve  except  at 
higher  magnification  (50X  or  greater).  The  filter  canals  are  nar- 
rower than  the  main  filter  folds  with  which  they  alternate.  The 
canals  are  open  just  enough  to  define  the  separation  between  ad- 
jacent filter  rows  and  are  partially  to  fully  canopied  by  the  second- 
ary and  finer  filter  folds. 

Nondescript  particulate  matter,  including  some  algae,  was  pres- 
ent either  as  loose  flakes  or  mucus-bound  clumps  in  all  H.  regilla 
examined.  Mucus-bound  food  was  most  common  under  the  velum 
in  the  anterior  portion  of  the  filter  cavities,  in  the  ciliary  groove  and 
the  esophageal  funnel.  The  prevalence  of  food  in  these  regions 
reflects  the  fact  that  the  particulate  matter  is  relatively  protected 
here  from  displacement  during  dissection  or  washing.  Other  re- 
gions where  particulate  matter  occasionally  concentrates  are  the 
BFA,  the  tops  of  the  buccal  pockets,  and,  in  one  case,  the  infra- 
labial  papillae.  The  rate  of  passage  of  food  through  the  ingestive 
and  digestive  system  of  Hyla  regilla,  has  not  been  determined,  but 
this  rate  in  other  species  is  known  to  vary  greatly  with  the  avail- 
ability of  food  (Wassersug,  1975).  Thus,  food  found  at  stage  43 
may  actually  have  entered  the  mouth  at  stage  42,  or  earlier.  The 
mere  presence  or  absence  of  food  in  the  mouth  cannot  be  used  to 
determine  whether  the  tadpole  was  feeding  at  any  particular  stage. 

Dorsal  buccal. — Because  of  the  dorsoventrally  compressed  na- 
ture of  the  oral  cavity,  the  features  on  the  roof  of  the  mouth  reflect 
and  complement  features  of  the  floor  of  the  mouth.  The  general 
triangular  shape  of  the  mouth  and  flatness  of  the  buccal  region  are 
common  to  both  surfaces  (Figs.  4-6).    The  anteroventral  position 
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of  the  oral  orifice,  however,  necessitates  a  strong  overbite  of  the 
upper  beak,  with  the  rostral  region  strongly  curved  ventrad.  The 
buccal  roof  is  some  ten  to  twenty  per  cent  longer  than  the  total 
ventral  oral  surface.  The  buccal  roof  increases  in  length  fairly  con- 
stantly with  development,  showing  only  a  slight  and  insignificant 
decrease  at  metamorphosis  (stage  42-43). 


Fig.  6. — The  roof  of  the  mouth  of  the  same  stage  37  Hyla  regilla  larva 
illustrated  in  Fig.  3.  Note  the  overall  similarities  of  this  later  stage  individual 
with  the  younger  stage  individual  shown  in  Fig.  5. 


In  stages  25-39  the  prenarial  arena  is  shaped  like  a  rectangle, 
narrowing  slightly  anteriorly,  with  well-rounded  corners  (Figs.  4- 
6).  It  is  longer  than  it  is  wide.  The  ratio  for  the  length  of  the 
mouth  to  the  length  of  the  prenarial  arena  is  3.38  ±  0.10,  S  =  0.40. 
There  is  a  general  shortening  of  the  mouth  after  stage  40,  such  that 
this  ratio  decreases  at  stage  41  and  is  significantly  below  the  mean 
by  stage  42.    The  development  of  the  palatal  shelves  on  the  max- 
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illary  bones  precludes  measurement  of  the  length  of  the  prenarial 
arena  after  stage  42. 

Pustulations  in  the  prenarial  arena  are  few  (X  =  2.93  ±  0.43,  S 
=  1.67),  very  small,  and  not  completely  symmetrical.  When  pres- 
ent, they  tend  to  be  more  medial  than  lateral  but  are  rarely  (one 
specimen,  stage  33)  on  the  midline.  No  pustulations  are  present  at 
stage  25  or  after  stage  40.  However  ridges  appear  in  the  prenarial 
arena  for  the  first  time  at  stage  40.  These  features,  one  per  side, 
begin  at  the  most  anterior  point  of  the  internal  nares  and  extend 
directly  forward  to  the  middle  of  the  prenarial  arena  where  they 
abruptly  turn  medially.  Presumably  these  ridges  mark  the  early 
development  of  the  palatal  portion  of  the  maxillaries.  They  are 
seen  only  during  stages  40  and  41  and  cannot  be  distinguished  at 
later  stages  when  the  maxillary  arch  takes  on  its  adult  shape. 

The  internal  nares  are  fully  perforated,  prominent  structures  at 
all  stages.  The  openings  are  oblique  slits  or  ovals,  running  in  an 
anteromedial  to  posterolateral  direction  at  an  estimated  angle  of 
10°-25°  from  the  transverse  plane  (Figs.  5-6).  The  width  to  length 
ratio  of  the  narial  openings  is  2.23  ±  0.07,  S  =  0.26  (right  side 
measured  only).  This  ratio  declines  after  stage  41  and  is  signif- 
icantly below  the  mean  by  stage  43.  Such  a  shift  is  accountable  by 
mediolateral  shortening  of  the  narial  openings  after  stage  41.  As 
the  nares  become  rounder  near  metamorphosis,  there  is  an  increase 
in  the  angle  of  the  long  axis  of  the  nares  to  approximately  35°  from 
the  transverse  plane  ( stage  43 ) . 

The  distance  between  the  nares  increases  gradually  with  de- 
velopment up  until  stage  41,  at  which  time  it  expands  to  more  than 
three  times  the  mean  distance  for  the  stages  25-40.  This  late  lateral 
displacement  of  the  nares  is  reflected  in  the  ratio  of  the  length  of 
the  mouth  to  the  internarial  distance.  This  ratio,  moderately  stable 
for  stages  before  40  (X  =  14.48  ±  0.46,  S  =  1.79),  progressively 
declines  to  8.29,  4.05,  and  3.42  for  stages  41,  42,  and  43  respectively. 
All  three  values  are  significantly  different  from  the  mean  of  stages 
26-40. 

Because  of  the  transverse  arch  of  the  rostrum  and  the  otherwise 
straight  posterior  narial  margins  ( presumably  a  necessity  for  smooth 
functioning  of  the  narial  valves),  the  posterolateral  margins  of  the 
nares  inset  into  the  rostral  surface  (Figs.  5-7).  For  stages  25-40  the 
fraction  of  the  nares  laterally  tucked  into  the  rostral  surface  aver- 
ages 10-25%.  This  does  not  change  through  much  of  larval  develop- 
ment. At  stage  43,  however,  with  the  lateral  displacement  of  the 
rnal  nares  and  the  ossification  of  the  palatal  portion  of  the  max- 

ries,  nearly  50%  of  the  internal  nares  inset  into  the  rostral  surface. 
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Dimensions  of  the  narial  walls  are  difficult  to  measure  accu- 
rately. The  general  shape  and  proportions  of  these  structures  seem 
relatively  constant  for  the  stages  26-40.  The  walls  are  quite  shallow 
at  stage  26  and  show  signs  of  degeneration  after  stage  41.  In  all 
H.  regilla  larvae  examined  the  anteromedial  corners  of  the  nares 
are  the  thickest  portion  of  these  structures.  The  presence  of  a  few 
pustulations  along  the  ventral  margins  of  the  narial  walls  gives  these 
surfaces  a  rugose  appearance  in  about  half  of  the  specimens  be- 
tween stages  26-40.  Prenarial  papillae,  rarely  large  in  H.  regilla  tad- 
poles, range  from  two  to  five  per  side  in  specimens  stages  27-40 
(X  =  2.64  ±  0.017,  S  =  0.91  for  n  =  28,  stages  27-40  both  sides). 
Only  pustulations  are  present  at  stages  25  and  26  and  both  papillae 
pustulations  are  absent  at  stages  42  and  43.  Prenarial  papillae,  when 
present,  are  concentrated  in  the  middle  one  third  of  the  anterior 
narial  wall  (Figs.  4-7).  Only  one  bifurcated  prenarial  papilla  was 
found  in  the  sample  from  this  species  (stage  41). 

The  narial  valve  is  about  twice  as  wide  as  it  is  tall  in  all  pre- 
stage  43  individuals  (X  =  1.9  ±  0.5,  S  =  0.2;  based  on  estimate) 
(Figs.  4,  7).  Narial  valve  projections  are  always  at  the  medial  end 
of  the  narial  valve;  they  project  forward  and,  when  tall  enough, 
interdigitate  between  the  more  rugose  anteromedial  ends  of  the 
internal  nares  and  prenarial  papillae  or  pustulations.  The  height  of 
the  narial  valve  projections,  however,  is  quite  variable  compared 
to  the  mean  height  of  the  narial  valve;  the  projections  range  from 
being  nearly  absent  to  three  times  the  height  of  the  narial  valve. 
For  stages  25  and  26  the  projections  are  slight  and  they  are  absent 
at  stage  43.  Otherwise  no  directional  change  was  observed  in  the 
shape  or  size  of  the  structure  that  might  correlate  with  development. 

The  anterior  margin  of  the  postnarial  arena  is  outlined  by  the 
internal  nares.  The  sides  of  the  arena  are  defined  by  the  posterior 
narial  papillae  which  extend  medially  and  indent  into  the  arena 
(see  Fig.  7).  The  wide  posterior  margin  of  the  arena  is  outlined  by 
the  median  ridge  and  lateral  ridge  papillae.  Prior  to  stage  25  and 
after  stage  43,  the  postnarial  arena  is  poorly  defined  because  of  the 
absence  of  bounding  papillae.  Both  the  length  and  the  width  of 
the  narial  arena  increase  steadily  as  the  tadpole  grows.  The  ratios 
of  the  length  of  the  buccal  cavity  ( dorsal  surface )  to  the  length  and 
width  of  postnarial  arena  are  X  =  6.51  ±  0.16,  S  =  0.63  and  X  = 
2.93  ±  0.09,  S  =  0.83  respectively.  Only  values  at  stages  42  are 
significantly  below  these  means  and  this  can  be  accounted  for  bv 
the  slight  shortening  of  the  roof  at  that  stage.  The  ratio  of  the 
width  to  length  of  the  postnarial  arena  is  fairly  constant  (X  =  2.21 
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db  0.09,  S  =  0.36).  Variation  in  this  measurement  can  be  largely 
attributed  to  distortion  during  pinning  of  the  various  specimens. 

The  postnarial  arena  has  from  0  to  8  minor  pustulations.  The 
number  of  postnarial  arena  pustulations  is  not  correlated  with  de- 
velopmental stage. 

Postnarial  papillae  are  present  between  stages  26  and  42,  either 
two  or  three  per  side  ( X-  =  =  2.48  ±  0.09,  S  =  0.50,  n  =  30  for  stages 
26-40,  data  from  both  sides ) .  These  papillae  are  rather  simple  con- 
ical projections  with  occasional  distal  irregularities  and  bifurcations 
(Fig.  7).  Four  of  18  specimens  have  three  papillae  on  one  side  and 
two  on  the  other  with  no  consistent  bias  towards  one  side  having 
the  greater  number.  The  postnarial  papillae  are  aligned  in  rows 
transversely  or  oriented  slightly  anteromedially  to  posterolaterally. 
Symmetry  of  row  orientation  is  found  in  all  specimens.  The  largest 
papilla  in  each  row  is  virtually  always  the  more  medial  if  two  are 
present  per  side,  or  the  middle  papilla  if  three  are  present  in  the 
row.  Occasionally  the  papillae  are  subequal  in  size.  The  largest 
papilla  is  positioned  almost  halfway  between  the  internal  nares  and 
the  median  ridge  and  about  a  third  of  the  distance  laterally  from 
the  medial  limits  of  the  internal  nares. 

A  critical  landmark  in  H.  regilla  is  the  thin,  transverse,  median 
ridge  projecting  down  and  forward  from  the  roof  of  the  mouth 
about  halfway  back  on  the  buccal  surface  ( Figs.  4,  7 ) .  The  ridge 
has  gently  curved,  smooth,  lateral  edges  and  a  rather  horizontal 
free  ventral  margin  which  may  be  quite  jagged  or  serrated  in  ap- 
pearance. At  stage  25  the  ventral  edge  is  short,  having  only  two 
serrations,  and  the  median  ridge  appears  rather  triangular.  The 
length  of  the  free  edge  and  the  number  of  serrations  increases 
rapidly;  the  number  of  serrations  ranges  from  2  to  9  for  stages  26-38 
(X  =  =  5.69  ±  0.52,  S  =  :  1.89  for  n  =  :  13).  Fourteen  of  17  specimens 
have  a  median  notch  dividing  the  serrated  margin  into  left  and 
right  "hands."  The  "hands"  are  never  completely  symmetrical  but 
neither  the  right  nor  left  "hand"  seems  consistently  larger.  At  stage 
39  the  median  ridge  begins  to  atrophy.  In  this  process  the  median 
notch  becomes  increasingly  accentuated  and  the  number  of  indi- 
vidual serrations  decreases. 

The  ratio  of  the  length  of  the  buccal  roof  to  the  length  of  the 
base  of  the  median  ridge  is  4.17  ±  0.10,  S  =  0.39.  No  directional 
changes  correlated  with  ontogeny  are  seen  in  this  ratio. 

The  ratio  of  the  length  of  the  base  to  the  height  of  the  median 

z  0.21,  S  ==  0.82.  A  high  coefficient  of  variation  of  this 

measurement  reflects  the  difficulty  in  getting  consistent  measure- 
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Fig.  7. — A  closeup  of  the  anterior  portion  of  the  buccal  roof  of  the  Hyla 
regilla  individual  illustrated  in  Fig.  6.  Note  the  median  ridge,  postnarial  papil- 
lae, lateral  ridge  papillae  and  details  of  the  narial  values. 

merits  of  median  ridge  height.  This  is  due,  in  part,  to  the  non- 
uniformities  of  the  free  ventral  margin  and  to  the  fact  that  the  ridge 
must  be  manipulated  to  get  it  into  the  frontal  plane  for  measuring. 

A  fine,  horizontal,  secondary  fringe  is  present  some  four-fifths  of 
the  distance  down  the  anterior  surface  of  the  median  ridge  in  all 
specimens  with  a  median  ridge  ( Fig.  7 ) .  In  a  few  cases  the  fringe 
is  equal  in  size  to  the  jagged  main  edge  of  the  median  ridge;  in 
such  situations  the  main  edge  and  secondary  fringe,  together,  give 
the  median  ridge  a  brush-like  appearance.  In  most  cases  the  sec- 
ondary fringe  is  much  smaller  than  the  main  margin  of  the  median 
ridge.  No  correlation  between  the  size  of  the  secondary  fringe  and 
developmental  stage  was  noted  between  stages  26  and  40.    The 
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fringe  is  extremely  slight  at  stage  25  and  replaced  by  a  few  scat- 
tered pustulations  at  stage  41. 

The  lateral  ridge  papillae  complete  the  list  of  surface  features 
associated  with  the  postnarial  arena  (Figs.  4,  7).  These  papillae 
are  the  largest  on  the  buccal  roof,  averaging  approximately  20% 
taller  than  the  median  ridge.  They  are  positioned  lateral  or  slightly 
anterolateral  to  the  median  ridge  and  curve  anteromedially.  One 
lateral  ridge  papilla  per  side  is  characteristic  of  all  but  two  speci- 
mens (stages  27  and  41).  In  these  two  specimens,  a  small  second- 
ary papilla  develops  asymmetrically  dorsolateral  to  the  base  of  the 
major  papilla. 

On  the  average,  one  lateral  ridge  papilla  per  side  is  bifurcate. 
No  consistent  left- right  asymmetry  was  observed.  Bifurcations  are 
almost  always  on  the  anterior  side  of  the  papillae  and  at  the  level 
of  the  secondary  fringe  on  the  median  ridge.  Other  deviations  from 
what  might  be  considered  the  norm,  such  as  blunting,  also  occurred 
on  the  lateral  ridge  papillae. 

Buccal  roof  arena  papillae  are  so  few  in  II.  regiUa  that  the  buc- 
cal roof  arena  is  poorly  defined  or  effectively  absent  in  half  of  the 
specimens  (Fig.  4).  Buccal  roof  arena  papillae  range  in  numbers 
from  0  to  4  per  side  and  are  asymmetric  in  position,  shape,  and 
numbers  in  over  three-fourths  of  the  individuals.  On  the  average, 
there  are  1.63  ±  0.15,  S  =  0.85  BRA  papillae  per  side  (both  sides 
counted,  n  =  30).  Papillae  are  absent  at  stages  25  and  43  and 
number  less  than  the  mean  at  stages  26,  27,  and  42.  BRA  papillae 
are  small,  simple,  and  transversally  positioned  on  the  buccal  roof. 
When  more  than  one  is  present  per  side,  they  cluster  together  in  a 
region  30-50%  of  the  distance  between  the  median  ridge  and  the 
velum.  When  the  papillae  are  numerous  and  large  enough  to  give 
the  impression  of  circumscribing  an  area,  the  oval  area  so  formed 
encompasses  about  a  third  the  area  of  the  buccal  roof  behind  the 
median  ridge. 

Pustulations  are  present  within  the  BRA  at  all  stages.  The  num- 
ber of  pustulations  increases  from  6  at  stage  25  to  50-60  by  stage 
34.  The  density  of  buccal  roof  pustulations  is  then  fairly  stable 
until  stage  42  when  there  is  a  slight  decrease  in  numbers.  At  stages 
40  and  41  some  ten  or  so  of  the  pustulations  are  of  subpapilla  size. 
These  enlarged  pustulations  are  concentrated  in  the  lateral  portions 
of  the  BRA  papillae. 

The  glandular  zone  is  present  at  all  stages,  but  at  stage  25  the 
anterior  margin  of  the  zone  is  indistinct,  blending  gently  with  the 
buccal  roof.    For  stages  26  through  35,  the  front  margin  of  the 
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glandular  zone  is  a  smooth,  posteriorly  directed  arch  (Fig.  5).  After 
stage  35  the  arched  margin  develops  faint  secondary  curves  (Fig. 
6).  Normally,  the  glandular  zone  has  its  maximum  antero-posterior 
length  at  the  lateral  extreme  of  the  buccal  cavity  and  its  minimum 
length  on  the  midline.  On  the  average,  the  lateral  length  is  60% 
greater  than  the  medial  length.  There  is,  however,  a  great  deal  of 
variation  in  these  proportions  and  in  at  least  one  individual  (stage 
39)  the  lateral  and  medial  lengths  of  the  glandular  zone  are  sub- 
equal.  The  ratio  of  the  length  of  the  buccal  roof  to  the  maximum 
length  of  the  glandular  zone  is  5.95  ±  0.2S,  S  =  1.04.  Measure- 
ments of  the  glandular  zone  reveal  onlv  weak  correlation  of  medial 
and  lateral  glandular  zone  length  with  early  developmental  stages; 
by  stage  28  the  length  of  the  glandular  zone  is  essentially  inde- 
pendent of  the  length  of  the  buccal  cavity.  At  stage  42  there  is  a 
significant  posterior  regression  of  the  glandular  zone. 

By  definition  the  glandular  zone  is  limited  to  the  buccal  surface, 
but  the  secretory  pits  that  make  up  the  glandular  zone  are  not.  In 
H.  regilla  the  secretory  pits  continue  onto  the  dorsal  velum  before 
they  begin  to  diffuse.  Under  the  highest  magnification  scattered 
secretory  pits  can  be  seen  in  the  dorsal  pharynx  on  the  pressure 
cushions  at  stages  between  26  and  41.  At  stage  42  the  secretory 
tissue  becomes  increasingly  difficult  to  localize. 

The  dorsal  velum  in  H.  regilla  is  a  thin,  very  mobile,  bilaterally 
symmetrical  flap  which  fixes  in  an  anteriorly  coiled  posture  (Figs. 
4-6).  At  earlier  stages  (stages  25,  26,  27)  a  slight  transverse  rise 
along  midline  connects  the  left  and  right  sides  of  the  velum.  This 
middle  portion  is  never  more  than  a  tenth  of  a  millimeter  in  depth. 
In  virtually  all  other  specimens — one  exception  is  a  stage  32  indi- 
vidual— the  velum  is  completely  absent  across  the  midline.  It  was 
necessary  to  unravel  and  flatten  the  velum  in  most  specimens  to  see 
the  full  free  margin.  This  margin  is  always  a  simple  curve  on  each 
side  sloping  gently  toward  the  midline.  Laterally  the  dorsal  velum 
is  continuous  with  the  ventral  velum.  The  greatest  length  of  the 
dorsal  velum  is  always  far  lateral  just  before  the  velar  margin  twists 
anteroventrad.  The  ratio  of  the  length  of  the  dorsal  buccal  surface 
to  this  velar  length  is  7.51  ±  0.38,  S  =  1.47.  The  values  for  this 
ratio  are  slightly,  but  insignificantly  above  the  mean  for  stages  25 
and  26.  Thus,  compared  to  the  length  of  the  mouth,  the  dorsal 
velum  may  be  a  bit  shorter  at  these  earlier  stages  than  at  most  later 
stages.  Quite  abruptly  at  metamorphosis  the  dorsal  velum  dis- 
appears. It  is  significantly  shorter  than  the  mean  at  stage  42  and 
too  short  to  be  measured  at  stage  43.  All  that  is  present  at  stage  43 
are  two  faint  swellings. 
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Dorsal  pharynx. — Measurements  of  dorsal  pharyngeal  features 
are  difficult  to  make  because  of  problems  associated  with  prepara- 
tion. Often  one  cannot  tell  before  cutting  where  the  pharynx  ends 
and  the  esophagus  begins,  and  tissues  in  this  region  are  commonly 
damaged  during  dissection. 

Pressure  cushions  are  present  for  stages  25-41,  but  the  precise 
shapes  and  proportions  of  these  loose  epithelial  folds  are  difficult  to 
assess  (Figs.  5,  6).  The  more  lateral  pressure  cushions  are  roundish 
to  slightly  elongated  along  a  medial  lateral  axis.  The  more  medial 
pressure  cushions  tend  to  be  the  more  ovoid  of  the  pair,  elongated 
along  an  oblique  axis  quite  closely  paralleling  the  axis  of  the  filter 
plates  below.  The  pressure  cushions  are  approximately  three  to  five 
times  as  long  as  they  are  deep  along  their  longest  axis.  Even  in 
individuals  little  disturbed  by  fixation  or  dissection  the  pressure 
cushions  are  relatively  indistinct.  Compared  with  other  species, 
pressure  cushion  development  in  H.  regilla  is  slight  to  moderate. 

The  amount  of  slack  in  the  pharyngeal  roof  decreases  at  stage 
42  and  at  stage  43  pressure  cushions  are  virtually  obliterated.  Pos- 
teriorly and  posterolaterally  the  pressure  cushions  are  full  enough 
from  stages  25  to  41  to  strongly  define  the  ciliary  groove.  After 
stage  41  with  the  regression  of  the  pressure  cushions  the  ciliary 
groove  also  regresses.  By  stage  43  the  ciliary  groove  is  lost  to  an 
enlarging  esophageal  funnel. 

Discussion 

Ecological  arguments  related  to  the  maintenance  of  the  anuran 
complex  life  cycle  have  been  given  for  expecting  tadpole  growth  to 
be  more  isometric  than  allometric  (Wassersug,  1975).  Nevertheless, 
some  indication  of  allometric  changes  in  external  body  part  ratios 
has  been  reported  for  Bufo  (Gosner  and  Black,  1958)  and  for  hylids 
(Gosner,  1960).  Gosner  (1960),  however,  felt  that  these  changes 
are  relatively  slight  during  a  considerable  part  of  the  larval  period. 
Presumably  such  allometric  changes  require  massive  samples  before 
they  can  be  identified.  From  their  extensive  study  of  Bufo  valliceps 
Limbaugh  and  Volpe  (1957)  conclude  that  "relative  body  propor- 
tions are  constant  during  the  greater  part  of  larval  development 
(stages  26-41)." 

As  with  external  features,  internal  features  show  a  substantial 

amount  of  stability  in  relative  proportions  through  much  of  larval 

life  of  Hijla  regilla.   Although  the  coefficient  of  variation  may  seem 

high  for  any  one  feature,  overall  H.  regilla  larvae  vary  little,  except 

l  size,  from  stage  26  to  stage  39.  Within  this  range  the  tadpole  has 
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its  "mature"  form,  and  growth  is  essentially  isometric.  Before  stage 
25,  embryogenic  events  cause  major  differential  growth  in  oral 
structures.  Embryogenesis,  however,  is  complete  by  stage  26,  ex- 
cept for  special  organs  such  as  the  tongue.  After  stage  40  meta- 
morphic  events  become  prevalent  and  cause  massive  distortion  of 
the  mature  tadpole  form. 

Some  of  the  meristic  characters  change  with  growth.  This 
process  is  essential  if  overall  growth  is  isometric.  For  instance,  the 
number  of  filter  rows  must  increase  as  the  branchial  baskets  in- 
crease in  size  for  the  filter  density  to  be  constant  through  mature 
larval  life.  The  rate  of  increase  of  filter  rows  for  each  filter  plate 
was  found  to  be  very  slight  during  stages  26-40  in  Hyla  regilla.  At 
the  same  time,  the  higher  variance  in  this  measurement  for  the  first 
filter  plate  compared  to  other  filter  plates  suggests  that  much  of  the 
total  increase  in  size  of  the  branchial  baskets  occurs  along  their 
lateral  margin. 

Not  all  of  the  features  mentioned  in  this  description  would  be 
appropriate  for  interspecific  comparisons.  Certain  features,  such  as 
the  tongue  anlage,  do  not  exhibit  much  ontogenetic  stability  and 
are  constantly  changing  between  stages  26-40.  Other  features  such 
as  the  number  of  pustulations  on  the  buccal  surface  are  highly  vari- 
able and  easily  susceptible  to  counting  errors.  The  fine  structure  of 
the  secretory  ridges  seems  readily  modifiable  by  preservation  and, 
thus,  undependable  as  species-specific  character.  Pustulations  on 
the  buccal  floor  and  roof,  the  size  of  minor  papillae,  the  number  of 
fine  serrations,  and  bifurcations  on  the  oral  papillae  are  clearly  too 
variable  to  be  of  much  use  in  interspecific  comparisons.  These  fea- 
tures may  be  mentioned  in  species  descriptions  but  deserve  little 
weighting  in  diagnoses. 

Summary 

The  oral  surface  features  described  by  Wassersug  ( 1976 )  for 
anuran  larvae  are  examined  in  detail  for  an  ontogenetic  series  of 
Hyla  regilla  larvae  (Gosner  stages  25-43)  from  a  single  population. 
Ratios  are  calculated  for  many  linear  features.  Means,  standard 
errors  and  standard  deviations  are  presented  for  a  variety  of  me- 
ristic and  nonmeristic  characters  taken  from  a  subsample  of  15  in- 
dividuals (Gosner  stages  26-40). 

Internal  oral  proportions  in  Hyla  regilla  show  the  same  overall 
stability  during  the  greater  part  of  larval  development  that  Lim- 
baugh  and  Volpe  ( 1957 )  demonstrate  for  external  body  proportions 
in  Bufo  valliceps.   The  concept  of  a  "mature"  tadpole  morphology 
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thus  seems  valid  when  applied  to  most  internal  oral  structures  from 
larvae  between  stages  26-39. 

Not  all  characters  are  ontogenetically  or  intraspecifically  stable 
and  some  must  be  given  more  weight  than  others  in  interspecific 
comparisons.  Many  meristic  features  show  slight  left-right  asym- 
metry, but  no  consistent  handedness  was  found  for  any  feature.  The 
greatest  ontogenetic  variation  was  seen  in  the  size  of  the  tongue 
anlage,  the  number  of  pustulations  and  minor  papillae  on  the  buc- 
cal floor  and  roof,  and  the  number  of  fine  serrations  and  bifurca- 
tions of  oral  papillae.  These  features  are  clearly  too  variable  within 
one  species  to  be  of  much  use  in  interspecific  comparisons. 

The  remaining  oral  features  of  anuran  larvae  described  by 
Wassersug  (1976)  show  little  intraspecific  variation  throughout 
most  of  premetamorphic  development  (Gosner  stages  26-40). 
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